Abstract It is anticipated that radiation heating due to beam loss may place severe constraints on the operation of high energy accelerators which utilize superconducting magnets. Losses on ejection septa, assuming an unbunched beam mode of operation, are unavoidable and have direct impact on the design of the extraction system. Calculations of energy deposition densities downstream of ISABELLE ejection septa have been made using a modified version of the hadron cascade Monte Carlo computer program CASIM
Introduction
Superconducting magnets can be quenched by beam loss during the operation of high energy accelerators. Although many sources of beam loss can, in principle, be controlled (e.g. by slow scraping) during accelerator operation, losses on ejection septa, assuming an unbunched beam mode of operation, are unavoidable and have a direct impact on the design parameters of the extraction system. At ISABELLE two ejection schemes are currently being considered.
Among the factors which influence the choice between these two possibilities is the problem of radiation heating of the magnets downsteam of the septa. It is expected that <f 0.1% of the circulating beam (5 6 x 10 1 protons) will interact in the ejection septum, and the secondaries from these interactions may be sufficient to quench downstream magnets. This problem was first addressed in 1975 in a very crude manner.3 This note summarizes a series of recent calculations which represent a considerable improvement over the early calculations.
Geometry of the Calculation
A highly schematic representation of that portion of the beam line relevant to the calculations presented here is shown in Fig. 1 . In one ejection scenario, the first of a series of septum magnets begins '% 1 m downstream of the upstream Q4, as shown. The alternative scheme has the first septum located immediately downstream of the upstream Ql. These possibilities will henceforth be referred to as the ''Q4" and "Ql" geometries. Figure 2 shows a vertical projection of the first (thin) septum. In both the Ql and Q4 schemes, the first septum is assumed to be 0.25 mm thick aluminum, 3.5 m long. The leading edge displacement from the beam center line (AY in Fig, 2 ) is -1.7 cm (-1.3 cm) in the Ql (Q4) geometry. The septum is tilted (parallel to the beam) by +0,5 mrad (0.138 mrad) in the Ql (Q4) geometry. In these calculations (further elucidated in the next section) the extraction channel (not shown in Fig. 1 ) is treated as a "brick wall", in that all secondaries emerging from the septum whose vertical position and whose divergence is less than the septum tilt (0 in Fig. 2 The geometry of the calculation has no symmetry: a vertical asymmetry results from the vertically offaxis source (the septum), and a horizontal asymmetry from the charge asymmetry of the secondaries. For this reason it was necessary to obtain energy deposition as a function of azimuth. The azimuthal angle ¢ is defined in Fig. 3 . An x,y scatter plot of points of high energy deposition determined that an appropriate bin width for the azimuthal variable would be A4 = 30°. Results are presented in the next section for energy deposition densities for the first 6 mm (6.5 < R < 7.1 cm) of coil. The z (coordinate along the magnet) bin width was defined by subdividing each magnet into either 4 or 5 e1ual regions.
Results of the Calculation
In all calculations the history of the cascade was traced from the point of interaction in the septum to energy deposition in the magnet coils. This allowed an understanding of which particular processes dominate the energy deposition in each case.
The open symbols in Fig. 4 show the energy deposition density averaged over both z and ( for the magnets downstream of the septum in the Q4 geometry. In the unprotected case, the quadrupole magnet nearest the septum suffers the highest energy deposition, as is naively expected. This energy deposition is dominated by second generation charged secondaries which are created by first generation secondaries interacting in the vacuum pipe upstream of this quadrupole. When protective jaws are imposed, the highest energy density occurs in the second quadrupole and is caused primarily by first generation secondaries emerging from the septum itself and second generation secondaries emerging from the faces of the jaws. In both protected and unprotected geometries, energy deposition in the dipoles is dominated by first generation fast forward protons.
Also shown in Fig. 4 (solid symbols) Fig. 4 by a factor of Xu 4. Results for the Ql geometry are shown in Fig. 5 . Comparison with the Q4 geometry results reveals that the energy deposition densitites in the quadrupoles are less in the Ql geometry, which is to be expected because the first quadrupoles are farther away from the septum in this case. The energy deposition in the second dipole is, however, the same (within errors) in the two geometries because the dominant component results from leading protons which are focused by the lattice (i.e. whose flux density is not falling like 1/r2).
Discuss ion
It can easily be shown that the fraction of continuous beam lost on a septum of width s is given by (T/T) * (s/d) where T is the period of revolution, T is the rise time of the kicker, and d is the displacement of the central orbit achieved by the kick at the front edge of the septum. The purpose of the foregoing calculations was to define a T*S product such that magnets downstream of the septum will not quench upon routine extraction of the beam. Unfortunately, two large uncertainties make such a definition difficult to achieve, The first of these is the systematic uncertainty associated with the energy deposition calculations described herein. The large distances involved in these calculations makes the results sensitive to possible inadequacies in the particle production model used in CASIM, making these5results uncertain by perhaps an order of magnitude.
The second uncertainty is the enthalpy limit for ISABELLE magnets. Estimates of this quantity at 400 GeV range from 1.3 nJ/cc to A, 4 mJ/cc for dipoles, with quadrupoles being a factor of X 2 higher.* Although the absolute error of the calculation might be large, relative errors (Ql geometry relative to Q4) should be more modest. 
